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Summary 


A total of 2,287 newborn scorpions were counted and photographed on 100 females of all 12 described species of 
the “vorhiesi” group of the genus Vaejovis (Scorpiones: Vaejovidae) found in Arizona, USA, and several 
undescribed species. Average clutch size for the “vorhiesi” group and for each individual species is reported. The 
data clearly shows that the larger species have more young, per parturition, than the smaller species. Representative 


photographs are presented for each species discussed. 





Introduction 


There exists some confusion about the reproductive 
characteristics of the “vorhiesi” group of the genus 
Vaejovis. Much of the available biological literature 
about the genus, summarized by Gary A. Polis in 1990, 
includes information on scorpions that have since been 
placed in other genera (Soleglad & Fet, 2008). 

Beginning with Vaejovis deboerae Ayrey, many 
recent Vaejovidae species descriptions have included 
some reproductive information and photographs of fe- 
males with newborn (Ayrey, 2009, 2011, 2012; Ayrey & 
Soleglad, 2011; Ayrey & Webber, 2013). Presented here 
is information on all of the currently described species of 
the “vorhiesi” group found in the state of Arizona, as 
well as several additional undescribed species. Clari- 
fication of other aspects of the reproductive biology of 
this group, such as iteroparity, gestation period, etc. is 
also presented. 


Materials and Methods 
Terminology and conventions 

Undescribed species are listed with the locality 
names assigned to them in Bryson et al. (2012). A chart 
was drawn with the help of software available at 
chartgo.com. 
Abbreviations 

RFA, personal collection of Richard F. Ayrey, 


Flagstaff, Arizona, USA; MES, personal collection of 
Michael E. Soleglad, Winchester, California, USA; 


CNAN, Colección Nacional de Arácnidos, Instituto de 
Biologia, Universidad Nacional Autonoma de México, 
Mexico, D.F.; UANL, Universidad Autónoma de Nuevo 
León, San Nicolas de los Garza, Nuevo Leon, Mexico; 
USNM, United States National Museum, Smithsonian 
Institution, Washington, DC, USA. 


Material 
The following species and specimens were examined: 


Vaejovis bandido Graham, Ayrey et Bryson, 2012. 
Mexico: Sonora: Sierra de los Ajos Mountains, 12— 
13 October 2010, R.W. Bryson, Jr., 3 6 (1 CNAN, 
2 UANL), 3 9 (1 CNAN, 2 UANL). 

Vaejovis brysoni Ayrey et Webber, 2013. USA: Arizona: 
Pima Co.: above Molino Basin on Catalina 
Highway near Seven Cataracts Vista, Santa Catalina 
Mountains, 16 March 2012, R.W. Bryson Jr., 1 4,7 
9 (RFA). Same locality, 5 April 2012, R.W. Bryson 
Jr. & D. Hartman, 8 2 (RFA). Same locality, 18 
August 2012, R. F. Ayrey & M. DeBoer-Ayrey, 8 9 
(RFA). 

Vaejovis cashi Graham, 2007. USA: Arizona: Cochise 
Co.: Cave Creek Canyon, Chiricahua Mountains, 2 
August 2008, R. F. Ayrey & M. M. DeBoer-Ayrey, 
4 3, 4 9 (RFA). Same locality, 23 August 2011, R. 
F. Ayrey & M. M. DeBoer-Ayrey, 3 £, 4 9 (RFA). 

Vaejovis crumpi Ayrey et Soleglad, 2011. USA: 
Arizona: Yavapai Co.: by Lynx Lake, Prescott, 14 
August 2008, R. F. Ayrey & M. M. DeBoer-Ayrey, 
3 4, 5 & from type locality (RFA). Same locality, 
14 September 2009, R. F. Ayrey & M. M. DeBoer- 
Ayrey, 44, 4 9 (RFA). Same locality, 8 August 
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Figure 1: Clutch size compared to average adult female length, by species. The y-axis shows the average clutch size and the x- 
axis shows the average adult female length. Refer to average adult size on bottom of graph bars with Table 1 to determine the 


species. 


2010, R. F. Ayrey & M. M. DeBoer-Ayrey, 3 4, 5 
9 (RFA). 

Vaejovis deboerae Ayrey, 2009. USA: Arizona: Pima 
Co.: Rose Canyon Campground, Santa Catalina 
Mountains, 28 August 2011, R. F. Ayrey & M. M. 
DeBoer-Ayrey, 3 4, 5 9 (RFA). Same locality, 29 
August 2011, R. F. Ayrey & M. M. DeBoer-Ayrey, 
4 4,4 F (RFA). 

Vaejovis electrum Hughes, 2011. USA: Arizona: 
Graham Co.: Upper Arcadia Campground, Mount 
Graham, 17 July 2009, R. F. Ayrey & M. M. 
DeBoer-Ayrey, 2 3, 6 9 (RFA). USA: Arizona: 
Graham Co.: 9415 feet a.s.1., Mt. Graham Hwy., Mt. 
Graham, 18 July 2009, R. F. Ayrey & M. M. 
DeBoer-Ayrey, 1 4, 4 F (RFA). 

Vaejovis feti Graham, 2007. USA: New Mexico: 
Meadow Creek, Black Mountains, 6 July 1978, M. 
H. Muma, 4 3, 3 2 (MES). 

Vaejovis halli Ayrey, 2012. USA: Arizona: Gila Co.: 
Mount Ord, 11 September 2010, R. F. Ayrey & M. 
M. DeBoer-Ayrey, 2 4, 6 §, paratypes (RFA). 
Same locality, 2 May 2011, R. F. Ayrey & M. M. 
DeBoer-Ayrey, 3 4, 5 9, paratypes (RFA). 

Vaejovis jonesi Stahnke, 1940. USA: Arizona: Coconino 


Co.: near Wupatki National Monument, 1 April 
2011, R. F. Ayrey, 1 2 from type locality (RFA). 
Vaejovis lapidicola Stahnke, 1940. USA: Arizona: 
Coconino Co.: Red Sandstone Quarry, Flagstaff, 1 
June 2011, R. F. Ayrey & M. M. DeBoer-Ayrey, 1 

3,7 © from type locality (RFA). 

Vaejovis sp. cf. lapidicola “Strawberry”. USA: Arizona: 
Coconino Co., along the Mogollon Rim, 1924 m 
a.s.l., 31 August 2008, R.F. Ayrey, 1 3, 4 9 (RFA). 
Same locality, 31 May 2009, R. F. Ayrey & M. 
DeBoer-Ayrey, 8 9 (RFA). Same locality, 14 
August 2010, R. F. Ayrey & M. DeBoer-Ayrey, 8 ẸỌ 
(RFA). Same locality, 16 September 2011, R. F. 
Ayrey & M. DeBoer-Ayrey, 2 ĝ, 6 9 (RFA). Same 
locality, 17 October 2011, R. F. Ayrey & M. 
DeBoer-Ayrey, 1 2 (RFA). Same locality, 18 May 
2012, R. F. Ayrey & M. DeBoer-Ayrey, 2 3, 2 9 
(RFA). 

Vaejovis paysonensis Soleglad, 1973. USA: Arizona: 
Coconino Co.: Control Road, 25 miles E of Payson, 
5 July 2011, R. F. Ayrey & M. M. DeBoer-Ayrey, 1 
3, 7 9 from type locality (RFA). Same locality, 6 
July 2011, R. F. Ayrey & M. M. DeBoer-Ayrey, 2 
3,6 F (RFA). 
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Species Clutch Size Average Adult Female 
Length (mm) 
Vaejovis brysoni 20-32 (26.75) (+5.737) [4] (0.214) 25.28 
Vaejovis cashi 10-15 (12.33) (42.517) [3] (0.204) 20.53 
Vaejovis crumpi 17-21 (19.00) (£2.000) [3] (0.105) 26.55 
Vaejovis deboerae 21-35 (28.33) (7.024) [3] (0.248) 31.66 
Vaejovis electrum 23-31 (26.40) (43.209) [5] (0.122) 24.87 
Vaejovis feti 13—16 (14.30 ) (1.527) [3] (0.107) 22.36 
Vaejovis halli 17—24 (20.50 ) (43.512) [4] (0.171) 22.45 
Vaejovis jonesi 23-33 (29.33) (+5.507) [3] (0.188) 38.06 
Vaejovis lapidicola 21-33 (25.33) (+3.674) [9] (0.145) 28.60 
Vaejovis sp. “Strawberry” 21—34 (27.00) (46.557) [3] (0.243) 24.70 
Vaejovis paysonensis 13—18 (15.33) (41.861) [6] (0.121) 25.58 
Vaejovis tenuipalpus 18-30 (27.00) (£4.647) [6] (0.172) 31.24 
Vaejovis vorhiesi 14-31 (22.10) (+5.021) [10] (0.227) 24.28 











Table 1: Statistical data on “vorhiesi” group species clutch 
maximum (mean) (+SD) [N] (cv). 





Vaejovis tenuipalpus Sissom et al., 2012. USA: Arizona: 
Mojave Co.: Getz Peak, Hualapai Mountains, 9 
August 2009, R. F. Ayrey & M. M. DeBoer-Ayrey, 
13,79 (RFA). 

Vaejovis vorhiesi Stahnke, 1940. USA: Arizona: 
Cochise Co.: Miller Canyon, Huachuca Mountains, 
24 May 2011, R. F. Ayrey & M. M. DeBoer-Ayrey, 
1 3, 7 F from type locality (RFA). Carr Canyon, 
Huachuca Mountains, 5 October 2008, R. F. Ayrey 
& M. M. DeBoer-Ayrey, 2 £, 6 2 (RFA). Garden 
Canyon, Huachuca Mountains, 26 August 2011, R. 
F. Ayrey, 4 4, 6 9 (RFA). Lutz Canyon, Huachuca 

Mountains, 27 March 2011, R. F. Ayrey & M. M. 

DeBoer-Ayrey, 2 4, 2 9 (RFA). Ash Canyon, 

Huachuca Mountains, 24 May 2011, R. F. Ayrey & 

M. M. DeBoer-Ayrey, 2 9 (RFA). 

Vaejovis sp. cf. vorhiesi “Santa Rita”. USA: Arizona: 

Cochise Co.: Madera Canyon, Santa Rita 

Mountains, 11 June 2010, R. F. Ayrey & M. M. 





size and adult female length. Data presented as: minimum- 


DeBoer-Ayrey, 1 3, 7 9 (RFA). Mount Hopkins, 
Santa Rita Mountains, 6 October 2009, R. F. Ayrey, 
T. Miscione & R. Troup, 2 4, 6 9 (RFA). 

Vaejovis sp. cf. vorhiesi “Whetstone”. USA: Arizona: 
Cochise Co.: French Joe Canyon, Whetstone Moun- 
tains, 14 October 2009, R. Troup, 1 9 (RFA). 


Results and Discussion 


Several females of each Arizona “vorhiesi” group 
species were kept alive in the laboratory, without males, 
in order to observe parturition and to determine the 
gestation period and clutch size of these apoikogenic 
scorpions. Most of the 100 females gave birth in July 
and August of the year they were collected. This period 
coincides with the “Monsoon” season in Arizona, when 
the temperature and humidity are high. Those collected 
during or after the “Monsoon” season and kept without 
males, gave birth the following year during the same 
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a i 
Figures 2-3: 2 (top). Vaejovis brysoni Ayrey & Webber, 2013, paratype female with newborn. 3 (bottom). Vaejovis cashi 
Graham, 2007, female with newborn, Cave Creek, Arizona. 
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Figures 4—5: 4 (top). Vaejovis crumpi Ayrey et Soleglad, 2011, female from type locality with newborn. 5 (bottom). Vaejovis 
deboerae Ayrey, 2009, female from type locality with newborn. 
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Figures 6—7: 6 (top). Vaejovis electrum Hughes, 2011, female with newborn. 7 (bottom). Vaejovis feti Graham, 2007, female 
with newborn. 
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Figures 8—9: 8 (top). Vaejovis halli Ayrey, 2012, paratype female with newborn. 9 (bottom). Vaejovis jonesi Stahnke, 1940, 
female with newborn. 
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Figures 10—11: 10 (top). Vaejovis lapidicola Stahnke, 1940, female from type locality with newborn. 11 (bottom). Vaejovis 
paysonensis Soleglad, 1973, female from type locality with newborn. 
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Figures 12-13: 12 (top). Vaejovis tenuipalpus Sissom et al., 2012, female with newborn. 13 (bottom). Vaejovis vorhiesi 
Stahnke, 1940, female from type locality with newborn. 
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Figure 14-15: 14 (top). Vaejovis sp. cf. lapidicola “Strawberry”, female with newborn.15 (bottom). Vaejovis sp. cf. vorhiesi, 
Madera Canyon, female with newborn. 
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Figure 16—17: 16 (top). Vaejovis sp. female with newborn that moved anteriorly after a few days. 17 (bottom). Vaejovis cashi 
Graham, 2007, gravid female, Cave Creek, Arizona. 
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Figure 18-19: 18 (top). Vaejovis crumpi Ayrey et Soleglad, 2011, gravid female from type locality. 19 (bottom). Vaejovis 
vorhiesi Stahnke, 1940, female from type locality with juveniles after the first ecdysis. 
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Figure 20—21: 20 (top). Vaejovis brysoni Ayrey et Webber, 2013, paratype female with some juveniles after the first ecdysis 
remaining and visible exuvia from juveniles that have dispersed. 21 (bottom). Vaejovis female with exuvia remaining on her 
back, after juveniles’ dispersal. 
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Figure 22: Vaejovis brysoni Ayrey et Webber, 2013, paratype female well after juveniles’ dispersal with one exuvium 
remaining. 


season. This establishes the time of mating as the 
“Monsoon” season, and a gestation period of approx- 
imately one year. This is confirmed by the authors 
repeated observations of mating behavior in the field 
during July and August. Many females were kept alive 
for several additional years, up to four, and none of 
those females had subsequent broods (n=150). This 
precludes iteroparity in the “vorhiesi” group of the genus 
Vaejovis. Iteroparity was reported for the genus Vaejovis 
by Polis (1990), however, these observations appear to 
have been related to the species now classified in other 
genera of Vaejovidae, such as Hoffmannius or Kochius. 

Litter size for scorpions is varied and has been 
reported to range between | and 105, with the average 
for the order Scorpiones about 26 (Polis, 1990). This is 
consistent with observations of the “vorhiesi” group of 
Vaejovis with the average for this group 22.87 newborn 
(first instars) (n=100; total number of newborn 2,287). 
See Table 1 for clutch size for the “vorhiesi” group by 
species. 

The newborn’s orientation on the mother’s back 
was non-random, as is seen with many other species of 
Vaejovis (Hjelle, 1974). They face anteriorly with the 
prosoma down and the mesosoma raised over the 


prosoma of the newborn immediately posterior to them 
(Ayrey, 2012). This nonrandom orientation is not 
immediate (Fig. 12), and it takes a number of hours for 
the first instars to settle into their positions (Figs. 1—4, 
6-10 & 14). Many, after three to six days, will spread 
out anteriorly (Fig. 15). This appears to be a response to 
awareness that there are no other siblings to make room 
for. They still maintain their nonrandom orientation. Just 
prior to molting into second instars, they begin to move 
about (Fig. 11). 

After molting (first ecdysis) in 7 to 10 days, the 
second instars juveniles appear randomly situated on the 
backs of the mothers (see figure 17), until they disperse. 
Dispersal takes place between 11 and 15 days. Exuvia 
are frequently visible on the mesosoma of the mother, 
for several days (Figs. 18—20). 

As can be seen in Fig. 1, the trend, in general, is for 
the larger species to have higher numbers of offspring. 
However, species V. paysonensis and V. crumpi are no- 
ticeable exceptions. This observation has not been 
previously documented. Also of interest, the range of the 
clutch size for most species is quite large, exhibiting 
large coefficients of variability (0.105—0.243), see Table 
1. This is not necessarily a fall-out from small sample 
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sizes, we see that V. vorhiesi, where ten clutches have 
been observed, the coefficient of variability is over 20 
%, the maximum clutch size more than doubles that of 
the minimum clutch size. Possibly, female nutritional 
status is the most likely cause of this variability. 
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